Aim: To detect and assess the activity of extracellular hydrolytic enzymes and to find differences in enzymograms between fungi isolated from wheat and rye samples and grown on Czapek-Dox Broth and Sabouraud Dextrose Broth enriched with cereal (wheat or rye). Isolated strains were also classified in the scale of biosafety levels (BSL).
Introduction
API ZYM test (bioMérieux) is a semiquantitative assay allowing to assess the presence and activity of 19 hydrolytic enzymes. The release of hydrolytic enzymes into the environment by dermatophytes, yeasts, and molds is an important component in the pathogenesis of infection. Hydrolases (esterases, sulfatases, glycosidases and peptidases) facilitate the degradation of keratin, and thus the penetration of the mycelium into tissues [1] [2] [3] .
The isolated and identified strains were also assigned to specific classes of biosafety. The Classification of Biosafety Level (BSL) determines the safety scale of potentially pathogenic fungi for humans and animals by highlighting four hazard classes. The class BSL-1 represents saprophytes or plant pathogens causing a coincidental, superficial, non-invasive or benign threat [4] . However, this may cause non-infectious respiratory diseases of an allergic or immunotoxic nature [5] . Class BSL-2 species are characterized by a relatively high ability to survive in the tissues of vertebrates, and in patients with severe immune disorders can cause a deep, opportunistic infection. Pathogens belonging to the class of BSL-3 are potentially capable of causing severe and deep fungal infections in apparently healthy subjects [4] .
Aim
The aim of the study was to detect and assess the activity of extracellular hydrolytic enzymes and to find differences in enzymograms between fungi isolated from wheat and rye samples and grown on Czapek-Dox Broth and Sabouraud Dextrose Broth enriched with cereal (wheat or rye). Isolated strains were also classified in the scale of biosafety levels (BSL).
Material and methods
The study used 23 strains of fungi isolated from samples of grain, grain dust obtained during threshing and soil from the crops of wheat and rye collected in the Lublin area. In order to prepare the isolates for the API ZYM test, the strains were grown initially on two solid media: Malt Agar (Becton, Dickinson and Co.) intended for all kinds of fungi and Potato Dextrose Agar (Becton, Dickinson and Co.) which is a selective medium for Fusarium spp. Samples were incubated at 24°C or 30°C for 72 h depending on the medium, and then at room temperature until all have been producing spores. Then the biopsy was taken (5 mm in diameter) from the margin of the culture and transferred to four liquid media: CzapekDox Broth (Becton, Dickinson and Co.) pure and supplemented with 1% of grain (wheat or rye), and Sabouraud Dextrose Broth (Becton, Dickinson and Co.) pure and supplemented with 1% of grain. Media without the tested isolates were used as controls. The isolates were then incubated for 24 days at 24°C. Supernatants obtained from culture (after centrifugation or sedimentation) were tested. Supernatants from control cultures were used as a control. API ZYM tests were performed according to the manufacturer's instructions by placing 65 µl of the supernatant at appropriate points of the test strip. Reading was made visually. Enzyme activity was determined using a scale of 0 to 5, with 0 indicating a negative reaction. Differences in enzyme activity were compared in cultures with and without addition of the grain extract and statistically tested with Mann-Whitney-Wilcoxon test (R statistical software environment version 3.0.2) [6] .
With the help of available literature the tested isolates were classified into classes of biosafety (BSL) [7] .
Results
API ZYM test performed on all the control substrates tested showed no activity of hydrolytic enzymes. The following strains isolated from cultures were characterized by the greatest number of active hydrolytic enzymes: Exserohilum sp., Bipolaris holmi (Tables 1 and 2 ) in strains isolated from samples of wheat and Aspergillus versicolor, Penicillium chrysogenum, Alternaria alternata isolated from samples of rye (Tables 3 and 4 ). The highest activity of hydrolytic enzymes (4 or 5 in the adopted scale of activity) was found in the strains of Bipolaris holmi and Penicillium decumbens which were grown on media containing 1% of wheat grains (Tables 1 and 2 ); and in strains of Cladosporium herbarum, Aspergillus versicolor, and Alternaria alternata grown on media containing 1% of rye grains (Tables 3 and 4 ). In isolates from wheat samples the most active enzymes were N-acetyl-β-glucosyloamidase, β-glucosidase, acid phosphatase (Table 1) while in isolates from rye samples, β-glucosidase, N-acetyl-β-glucosyloamidase, and alkaline phosphatase exhibited the highest activity (Table 3) .
Comparing the activity of extracellular enzymes in the medium with and without the addition of grain, it was found that supplementation with cereal grain (wheat, rye) resulted in increased activity of the enzymes produced by the isolates in most cases. From 16 isolates of wheat crops in Czapek-Dox medium with an addition of wheat, in 7 cases statistically significant higher enzyme activity was found, and in one case statistically significant lower enzyme activity was found as dases, e.g. arylamidase) and endopeptidase (proteinase hydrolyzing C-N bond, e.g. urease). Using a commercial standardized test (API ZYM, bioMérieux), one can create a different fungal species enzymogram illustrating the characteristic enzymatic activity [3, [13] [14] [15] .
Obtained results tend to reflect methods of storage and processing of grain; whether the technology completely eliminates molds from food. As the results show, some molds (e.g. Exserohilum sp., Bipolaris holmi, Alternaria alternata, Cladosporium herbarum, Aspergillus versicolor, Penicillium chrysogenum) isolated from samples of grain, grain dust, and soil from crops of wheat and rye, probably will also be able to show significant enzyme activity in natural environment, which may help to adapt to new conditions, and to colonize various locations and affect human health (especially in immunocompromised persons) exposed to inhalation of large amounts of dust generated during harvesting grain cereals (i.e. threshing with a combine harvester or pouring grain into barns).
Conclusions
Hydrolytic exoenzyme activity in tested fungi depends on the type of the medium and the addition of the grain extract. Particular grains can stimulate activity of extracellular enzymes in tested fungi. Activation of enzymes was influenced by an addition of wheat and rye to the medium. The relationship between high enzymatic activity of examined fungi and BSL scale was not found.
